This paper examines the impact of expiration of derivatives on spot volatility of Indian capital market. The review of the literature shows that the previous Indian studies have covered a period of only 4-6 years after the introduction of derivative trading in India in 2000. They are unanimous about volume effect but not about return and volatility effect. This paper uses regression techniques and one symmetric and three asymmetric GARCH models, namely, TGARCH, EGARCH, and PGARCH, to evaluate the impact. It uses daily data on popular index S&P CNX Nifty of National Stock Exchange of India, during a period of more than a decade from June 12, 2000 to January 10, 2012. Findings of the study show that spot returns, volume, and volatility are high on expiration day and they build up further on the day after expiry which shows that the Indian market is weakly efficient. The expiration effect is mainly due to concentration of volumes in near-month contracts and absence of physical settlement.
Introduction
Derivatives were introduced on two major exchanges of India, namely, National Stock exchange (NSE) and Bombay Stock Exchange (BSE) in 2000. During this time Indian government took many decisions to bring major structural changes in the market. NSE acted as a catalytic agent in reforming the micro structure, market practices, and trading volumes of the Indian securities market. It is dominating the derivative segment with more than 99% of the market share in 2011-12. The exchanges manage their respective cash and derivative segments which have been well integrated with uniform trade practices and trade timings. Screen-based trading allows the arbitrageurs to use computer programs for identifying arbitrage conditions and ensures quick execution of orders. Index and stock-based derivatives are traded in monthly series, the expiration date for each series being the last Thursday of the expiry month, that is, Indian market experiences the quadruple witching day. At any point of time, three monthly series are traded side by side and are cash settled on the expiration or an early exercise.
As derivative contracts call for cash settlement on the expiration day, the trading and manipulation activities of speculators and unwinding of cash positions by arbitrageurs in the cash markets sometimes cause distortion to price, volume, and volatility near the expiration day. If many arbitrageurs liquidate at the same time and in the same direction, price and volatility effects are possible. Speculators can also make deliberate attempts to manipulate prices. The severity of these effects partially depends on the stock market procedures for accommodating order imbalances. Considering the fact that a large number of derivative transactions take place on this day, the magnitude of these potential side effects can be large. Also, since index arbitrage is typically executed with expensive computer technology, the potential benefits are reaped by only a small number of institutional investors, but the side effects are suffered by all market participants.
During 2001-08, highly liquid index futures and options provided a simple and efficient arbitrage opportunity to traders. Futures and options contracts were cash settled so there was no direct pressure due to delivery demands on the cash market on expiration days. As opposed to these facilitators of a smooth arbitrage, short sales in the cash market were banned during this period by the Indian market regulator SEBI which may have constrained the arbitrage transactions requiring a short position in the cash market.
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After 2008, the ban on shortsales was lifted. Since then there is significant increase in use of computer programs for doing arbitrage, known as algorithmic trading. It is yet to be seen if these changes have altered the impact of expiration day on the volatility of Indian spot market.
The Literature Review
Many previous studies have pointed towards significant expiration effects in terms of high volume and volatility. The studies [1] [2] [3] [4] [5] [6] [7] [8] found significant volume effects on account of expiration days. Apart from higher volume, the studies [9] [10] [11] [12] also found evidence of a reversal of the index. The studies [6, [13] [14] [15] found increased volatility in individual stock returns. [16] for TSE 300 Index and [17] for Spanish Exchange found that price reversals, higher trading volume, and higher volatility are associated with expiration days. On the other hand, [18, 19] found no significant expiration-day effect on cash-market volatility. This indicates that world over researchers are unanimous about the volume effect of expiration day. The impact on returns and volatility, however, is not clear. Some studies show return reversal whereas others do not. Similarly, some researchers report high volatility and others find it insignificant.
In case of India, most of the studies are reporting significant expiration effect during a period of 4-6 years after introduction of derivatives in 2000 [1, 7, 8] . Indian researchers also agree on volume effects while, the results regarding price effects and volatility effects are mixed [1, 2, 7, 8] . Since researchers in India and abroad are not unanimous about volatility effect, it needs to be further examined whether and to what extent the expiration effects add to higher than normal volatility and whether this volatility has a detrimental effect. Our study proposes to use a longer period to get comprehensive results on all the three variables, namely, return, volume, and volatility, for this emerging market by using econometric models.
Data
NSE established itself as the market leader in the futures and options segment since the inception of derivative trading in 2000. Its benchmark index, S&P CNX Nifty, is a well diversified index consisting of 50 liquid stocks; hence, the study considers Nifty as a proxy for the Indian stock market and uses its time series data to see the impact of derivative expiration on stock market volatility. The impact of expiration-day is evaluated during post derivative period; hence, daily closing prices of approximately 13 years, from June 12, 2000 to January 10, 2012, have been collected from the website of NSE. The total period has approximately 2393 days out of which 127 days are the expiration days and 126 days are non expiration days.
To separate the impact of US market (proxy for world) from that of domestic market on volatility, the data of S&P 500 index is used as an additional independent variable. S&P 500 is widely regarded as the best single gauge of the US equities market; this world-renowned index includes a representative sample of 500 leading companies in leading industries of the US economy. The correlation coefficient of Nifty and S&P 500 shows that they are highly correlated and the US market significantly affects the Indian market. We have also collected the volume data of Nifty spot index to evaluate the impact of derivative expiration on it.
Econometric Technique
For analysis of impact of derivative expiration we calculate the return series by taking log of first difference of the daily closing prices of S&P Nifty and S&P 500 US index. Trading volume is also calculated using logarithms. Current financial time series exhibit the phenomena of volatility clusters and if it is not captured then the empirical findings are not reliable. Hence, we have used GARCH(1,1) model, proposed by [20] , to capture this effect.
GARCH models display some limitations in capturing stylized characteristics of the data like heavy tails, asymmetric (leverage) effect, volatility clustering. The most important feature is asymmetric effect which was discovered by [21] , and confirmed by the findings of [22] [23] [24] , among others. This effect results when predictable volatility increases more due to unexpected drop in price (bad news) than unexpected increase in price (good news) of same magnitude. According to [21, 25] , this is due to leverage effect. A drop in price increases financial leverage, which makes the stock riskier and increases its volatility. Many researchers treat leverage effect same as asymmetric volatility. We are capturing the asymmetric effect using three models, namely, EGARCH model by [23] , TGARCH model by [26] , and PGARCH model by [27, 28] .
Finally, there is a variety of statistics to evaluate and compare forecast errors in the volatility forecasting literature. The most popular measures used in the literature include mean error (ME), root mean square error (RMSE), mean absolute percentage error (MAPE), and mean absolute error (MAE). We have chosen measures of RMSE, MAE, and MAPE for comparing the performance of various GARCH models we have used.
Method

Impact of Derivative Expiration on Spot Volume.
We analyse the impact of derivative expiration on spot volume using regression technique with a dummy variable for expiration day. This variable takes the value of 1 on the last Thursday of the month when derivative contracts expire in India and 0 otherwise. Apart from this we also employ dummy variable for next day and see its impact on the spot volume. Next, we take the Thursday prior to expiry day as the non expiration day and employ dummy variable for assessing its impact on spot volume.
Impact of Derivative Expiration on Spot Return and
Volatility. Second, we employ GARCH and its asymmetric counterparts to examine the impact of expiration day, next day, and non expiration day on spot return and spot volatility using dummy variables. We also use multiplicative volume dummies to find the impact of expiration day, next day, and non expiration day volumes on spot return and volatility.
Empirical Results
Descriptive Statistics.
To observe the preliminary difference in returns of expiry day, its next day and non expiry day, we start with descriptive statistics of these days (see Table 1 ).
The results in Table 1 show that the mean and unconditional variance of returns is highest during next days and lowest during non expiration days. The skewness statistics indicates higher probability of getting higher returns on next day compared to expiry day. Its positive value during non expiration days suggests high probability of getting lower returns. The kurtosis and JB statistics indicate that next day returns are more normal than expiry day returns while returns are highly non normal during non expiry days. 
Impact of Derivative Expiration on Spot
where Ln(vol ) is the logarithm of trading volume on day and Ln(vol −1 ) is the volume on previous day. Expday and Nextday are the dummies for expiration day and its next day, respectively.
The results show that the coefficients of the dummies for both expiration day and its next day are positive and significant (1%) and the magnitude is higher on the next day. This shows that expiration period increases the spot volume and that there is no reversal in volume during this period. We could not find the presence of autocorrelation and heteroscedasticity in the volume data hence OLS is an appropriate method.
Next, we see the impact of non expiration day on spot volume as follows:
Ln (vol ) = 2.1216 * + 0.8842 * Ln (vol −1 ) − 0.0225 * NExpday.
(
The results in the previous equation show that the coefficient of non expiry day is negative and insignificant. Consequently, it can be concluded that derivative expiration has a significant positive effect on the volume of Nifty.
Impact of Derivative Expiration on Spot Return and
Volatility. To evaluate the impact of expiry day and its volume on spot return and volatility we augment the GARCH return and volatility equations with the dummies of expiry day, its multiplicative dummy with volume; next day, its The results in Table 2 show that the impact of expiry day its volume is highly significant (1%) and positive on both spot return and volatility under Ged distribution.
The results in Table 3 show highly significant (1%) and positive impact of next day and its volume on spot returns and volatility under Ged distribution.
By comparing Tables 2 and 3 we can see that the impact of next day on return and volatility is higher than the impact of expiry day, suggesting continuation of an upward pressure. This indicates that no price or volatility reversal is taking place. This implies that expiration period is profitable for Indian market participants. Apart from this, we also note that the volumes are also higher on next day compared to expiry day. These volumes are partially responsible for high returns and volatility during expiration period. The results in Table 4 suggests that impact of non expiration day is positive and insignificant on returns and negative and insignificant on volatility. This implies that Indian market experiences significant expiration effects in terms of high returns, volumes, and volatility.
Conclusions
The analysis of post derivative period for expiration effect indicates that return, volume, and volatility are high on expiry day, and all these variables further increase on next day, indicating continuation of upward pressure. This indicates negative price, volume, and volatility reversal. The volume on expiry and next days is partially responsible for high returns and volatility on these days.
High volumes on these days may be attributed to various reasons: unwinding of large position; discretionary liquidity trading; and more active trading by informed traders during this period [29] .
Although, Indian government has tried to implement physical settlement but it is yet to take off; hence, the cash settlement feature of derivatives may be contributing to high returns during these days. Increase in returns on both expiry and next day could also be due to flow of new information into the market which implies that Indian market is weakly efficient [30] . According to [6] , if the underlying market is deep and if suppliers of liquidity are quick to respond to Table 2 : Impact of expiry day and its volume on spot return and volatility.
Garch (1, 1) TGarch(1,1) EGarch(1,1) PGarch(1,1) Nifty(−1) 0.0404 * * * 0.0527 * * * 0.0318 * * 0.0426 * * * S&P 500(−1) 0.2103 * * * 0.2111 * * * 0.2163 * * * 0.2186 * * * Expday 0.0032 * * * 0.0030 * * * 0.0033 * * * 0.0038 * * * Expday * Lnvol 0.0002 * * * 0.0002 * * * 0.0002 * * * 0.0002 * * * Alpha 0.1499 * * * 0.0600 * * * 0.1398 * * * 0.1264 * * * Gamma -0.1859 * * * −0.0429 * * * 0.5389 * * * Beta 0.8125 * * * 0.7918 * * * 0.9375 * * * 0.8317 * * Table 3 : Impact of next day and its volume on spot return and volatility.
Garch (1, 1) TGarch ( selling or buying pressure, the price effects of large arbitrage unwinding will be small. The results of our study indicate significant effect on price which means that the market mechanisms in India are not well designed to offset surprise imbalances and there is a need to further increase the depth of markets. High volatility on both expiry and next day indicates that investors are undecided and prefer to roll over their position. It could also be due to manipulation activities. This temporary increase in volatility cannot destabilize the markets in long run. Further, our study shows that non expiry days contribute to insignificant return and volatility. Thus, we conclude that Indian market experiences significant expiration effect.
The study proves that Indian spot market experiences high volume and volatility during expiration of near-month derivative contracts. Large gaps exist in the range of derivative products that are traded actively. Most of the trading happens in near month contracts. On a typical trading day in the middle of the month, about 98 percent of the turnover comes from near-month contracts, while less than 0.5 percent comes from the far-month series. Of the individual stocks traded in the futures and options market, far-month contracts of only about 10 percent are traded. The concentration of volumes in the near-month series means that this is speculators' market. The manipulation by speculators is the main reason behind high volatility during and after expiry of these contracts. The impact of expiry day volume on return and volatility shows that positive and significant causality is running from volume to return and volatility which means that prices are speculative and traders take large spot positions to cover their risk resulting in high volatility during expiration period. This implies that volumes in near-month contracts should be regulated. Further, regulators should take necessary steps to curb volatility whenever volumes increase to a higher than normal level during expiration. This can also be achieved by popularising far-month contracts.
